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(S) High impact graft copolymers and resin compositions. 

® A polyorganosiloxane graft copolymer in which one or more vinyl monomers have been graft-polymerized 
onto a composite mbber having such a structure that 1 to 10 wt.% of a polyorganosiloxane rubber component 
and 99 to 90 wt % of a polyalkyi (meth)acrylate mbber component are tangled with each other so as not to 
separate, as well as having a gel content of 85% or more and a swelling degree of 3 to 15. both measured with 
a toluene solvent, and an average particle size of 0.08 to 0.6 um. The high Impact polyorganosiloxane graft 
copolymer according to the present invention can give molded products having excellent impact resistance and 
g surface hardness, and besides it can fonn an excellent resin composition by mixing with a particular resin. 
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HIGH IMPACT GRAFT COPOLYMERS AND RESIN COMPOSITIONS 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a polyorganosiloxane graft copolymer giving nnolded products excellent 
5 in impact resistance, surface hardness and surface appearance (hereinafter referred also to as graft 
copolymer) and a high impact resin composition. 

More particularly, the present invention relates to a polyorganosiloxane graft copolymer giving molded 
products excellent in surface hardness and surface appearance which is obtained by graft-polymerizing a 
vinyl mononner to a composite rubber comprising a polyorganosiloxane rubber cornponent and a polyalkyi 
70 (meth)acrylate rubber component and to a high impact resin composition. 

Description of the Prior Art 

Generally, high impact resins are composed of a rubber and a matrix, and it Is said that to use a resin 
15 having as low a glass transition temperature as possible for formation of the rubber layer Is advantageous in 
absorbing impact energy (hereinafter said glass transition temperature is abbreviated as Tg). This is also 
clear from the fact that resins containing a polybutadiene resin rubber having a Tg of -80 'C, e.g. ABS 
resins are superior in impact resistance per same rubber content to high impact resins using a polybutyl 
acrylate resin rubber having a Tg of -55 *C. From this, it is thought of that resins superior In impact 
20 resistance to ABS resins can be produced if polydimethylsiloxane having a Tg of -123* C can be utilized as 
a rubber source for high impact resins. Generally, however, polyorganosiloxanes are difficult to form 
chemical bonds because they are poor in reactivity to vinyl monomers. Hitherto, there have been disclosed 
many methods about the formation of chemical bonds between these both components, but they are not 
satisfactory. 

25 For example, U.S. Patent No. 3,898.300 discloses that a graft copolymer improved in impact strength is 
-formed_by-polymerl2ing_a vinyLmonomer^in an .emulsion>of_polydimethylsiloxane_containing jvinylsiloxane or 
allylslloxane. 

Also, U.S. Patent No. 4,071 ,577 discloses a method for obtaining further improved impact strength by 
using a vinyl group-containing siloxane. For example, this patent specification discloses that the presence of 

30 a graft copolymer having an intermediary mercapto group such as a polydimethylsiloxane-mercaptopropyl- 
siloxane copolymer improves the impact characteristics. 

Further, Japanese Patent Application Kokai No. 60-252613 discloses that a methacryloyloxy group- 
containing polyorganosiloxane copolymer has improved impact resistance. 

Formerly, in view of the situation as described above, the present inventors made an extensive study on 

35 the composition of constituent resins of the graft copolymer in which a polyorganosiloxane rubber was used 
for improving impact resistance, surface appearance, etc. As a result, the present inventors found that by 
combining a composite rubber graft copolymer obtained by graft-polymerizing a vinyl monomer in high 
efficiency to a composite rubber comprising a polyorganosiloxane component and a polyalkyi (meth)- 
acrylate rubber component with various thermoplastic resins, there can be obtained a resin composition in 

40 which the combined graft copolymer and thermoplastic resin are in a good compatibility, and which is 
superior in moldability and flowability and can give molded products having remarkably improved impact 
resistance, weather resistance and surface appearance. Thus, the present inventors made inventions 
disclosed in Japanese Patent Application Kokai Nos. 1-79257, 1-79255 and 1-190746. These methods, 
however, have a problem that insufficient surface hardness and poor appearance of the molded products 

46 are brought about because of a necessity to use a large amount of the polyorganosiloxane rubber. 

For this reason, the present inventors have extensively studied to obtain a composite rubber developing 
impact resistance with a decreased amount of the polyorganosiloxane rubber. As a result, surprisingly, the 
present inventors have found that by properly controlling the swelling degree of the composite mbber, there 
can be obtained a polyorganosiloxane graft copolymer which develops impact resistance even if the 

50 polyorganosiloxane rubber content is less than 10 wt.% based on the composite rubber, and gives molded 
products having a high surface hardness and an improved appearance. The present inventors thus attained 
to the present invention. 

SUMMARY OF THE INVENTION 
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The present invention relates to a polyorganosiloxane graft copolymer (A) in which one or more vinyl 
monomers have been graft-polymerized onto a composite rubber having such a structure that 1 to 10 wt.% 
of a polyorganosiloxane rubber component and 99 to 90 wt.% of a polyalkyl (meth)acrylate rubber 
component are tangled with each other so as not to separate, as well as having a gel content of 85% or 
more and a swelling degree of 3 to 15. both measured with a toluene solvent, and an average particle size 

of 0.08 to 0.8 um. . . ^ 

Further, the present invention relates to a high impact resin composition comprising the polyor- 
ganosiloxarie graft copolymer (A) and a polycarbonate resin and/or polyester resin (B). 

Still further, the present invention relates to a high impact resin composition comprising the polyor- 
ganosiloxane graft copolymer (A) and a homopolymer or copolymer (C) obtained by polymerizing 70 to 100 
wt % of at least one vinyl monomer selected from the group consisting of aromatic alkenyl compounds, 
vinyl cyanide compounds and (meth)acrylates with 0 to 30 virt.% of other vinyl monomers copolymerizable 
with those vinyl ntKjnomers. 

76 DESCRIPTION OF PREFERRED EMBODIMENTS 

The characteristics of the resin compositions of the present invention are not obtained by merely using 
as a rubber source either one of the polyorganosiloxane rubber component or polyalkyl (meth)acrylate 
rubber component, or a simple mixture of these components in place of the above composite rubber. 

20 Molded products having excellent impact resistance, surface hardness and surface appearance are not 
obtained until the polyorganosiloxane rubber component and the polyalkyl (meth)acrylate rubber component 
are tangled with each other so as not to separate. 

When the amount of the polyorganosiloxane rubber component constituting the composite rubber 
exceeds 10 wt% molded products obtained from the resulting graft copolymer or resin composition 

25 become poor in surface appearance. On the other hand, when the amount of the polyalkyl (meth)acrylate 
rubber component exceeds 99 wt.%. the Impact resistance of the resulting graft copolymer or resin 

composition becomes poor. ^ ^ „ • 

The swelling degree is a parameter related to the modulus of elasticity of rubbers. In order to effectively 
develop impact resistance, rubbers need to have a low modulus of elasticity and a sufficient toughness. 
30 This property required for rubbers used in high impact resins is indicated by the solvent-absorbing ability, 
i.e. swelling degree of rubbers. 

This swelling degree is also an important factor in the composite rubber comprising a polyorganosilox- 
ane and a polyalkyl (meth)acrylate. A low swelling degree increases the modulus of elasticity of the 
composite mbber to worsen the impact resistance. On the other hand, a high swelling degree lowers the 
35 modulus of elasticity of the composite rubber to enhance the impact resistance, but it lowers the toughness 
of the composite rubber, so that the hardness of the resin surface lowers and the appearance of the molded 
product becomes poor. The present inventors made a detailed study about the swelling degree of the 
composite rubber, and as a result have found that when the composite rubber comprising a polyor- 
ganosiloxane and a polyalkyl (meth)acrylate comprises 90 wt.% or more of the polyalkyl meth(acrylate). it 
40 gives a resin well-balanced between the impact resistance and surface hardness if its swelling degree is 
limited to a range of 3 to 15. 

Consequently, in order that the graft copolymer and the resin composition of the present invention may 
develop proper impact resistance, the composite rubber used in the present invention must have a swelling 
degree of 3 to 15, in other words, it must absorb 3 to 15 g of toluene when immersed in a 23 C toluene for 
45 24 hours Besides, the gel content of the composite rubber must be 85 wt.% or more. 

More preferably, the swelling degree is in a range of 4 to 14. and the gel content is 90 wt.% or more. 
When the swelling degree of the composite rubber is less than 3. the impact resistance lowers. When it 
exceeds 15, the surface hardness lowers. A lowering in surface hardness is also observed when the gel 
content of the composite rubber is less than 85 wt%. and at that time, the impact resistance also somewhat 

50 lowers at the same time. ^ « . « ~ 

Also the average particle size of the composite rubber needs to be in a range of 0.08 to 0.6 urn. When 
the average parOcle size is less than 0.08 urn. the impact resistance of the resulting molded product 
becomes poor, and when it exceeds 0.6 tim. the impact resistance of the resulting molded product 
becomes poor, and at the same time, the surface appearance thereof also becomes poor. 

55 For producing the composite rubber having such an average particle size, the emulsion polymenzation 
method is most suitable. That is. the polyorganosiloxane rubber can be prepared by emulsion polymenza- 
tion with an organosiloxane and a crosslinking agent for silicone rubbers (hereinafter referred to as 
crosslinking agent (I)), both of which are described below. In this case, a graft-linking agent for silicone 
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rubbers (hereinafter referred to as graft-linking agent (I)) may be used together. 

Organosiloxane includes various three or more-membered cyclic compounds, among which three to six- 
membered cyclic compounds are preferably used. For example, there are mentioned hexamethyl- 
cyclotrisiloxane, octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane; 

5 dodecamethylcyclohexasiloxane, trimethyltriphenylcyclotrisiloxane, tetramethyltetraphenylcyclotetrasiloxane, 
octaphenylcyclotetrasiloxane, etc. These cyclic compounds are used alone or in mixture of two or more of 
them. 

The amount of these cyclic compounds used is 50 wt.% or more, preferably 70 wt.% or more of the 
polyorganosiloxane rubber component. 
70 The crosslinking agent (I) includes silane compounds having three or four alkoxy groups such as 

triethoxyphenylsilane, tetramethoxysilane, tetra-n-propoxysilane, tetraethoxysilane, tetra-n-propoxysilane, 
tetrabutoxysilane, etc. Particularly, silane compounds having four alkoxy groups are preferred, and among 
these, tetraethoxysilane is particularly preferred. 

The amount of the crosslinking agent (I) used Is 1 to 30 wt.% based on the polyorganosiloxane rubber 
75 component. 

The graft-linking agent (I) includes compounds capable of forming a unit represented by the following 
formula: 



CH2=Cr2-COO— (CH2)-SiR^0^3_^j/2 ^^'^^ 



25 



30 



or 



HS-(CH2)— SiRlo^3_^,/2 (1-3) 



(. 



wherein represents methyl, ethyl, propyl or phenyl, represents hydrogen or methyl, n represents an 
integer of 0. 1 or 2. and p represents an integer of 1 to 6. For example, (meth)acryloyloxysiloxanes capable 
of forming a unit represented by the formula (1-1), because of its high graft efficiency, can form effective 
graft chains, so that it is advantageous in terms of development of impact resistance. Particularly, 
35 methacryloyloxysiloxane^ are preferred. Specific examples of methacryloyloxysiloxanes include /3- 
methacryloyloxyethyldimethoxymethylsilane, 7-methacryloyloxypropylmethoxydimethylsilane, 7- 
methacryloyloxypropyldimethoxymethylsilane, 7-niethacryloy!oxypropyltrimethoxysilane, 7-methacryloylox- 
ypropylethoxydiethylsilane, 7-'Tiethacryloyloxypropyldlethoxymethylsilane, «-methacryIoy!oxybutyldiethox- (z7 
ymethylsilane, etc. 

40 The amount of the graft-linking agent (I) used is 0 to 10 wt.% based on the polyorganosiloxane rubber 
component. 

For producing the polyorganosiloxane rubber, methods described, for example, in U.S. Patent No. 
2,891,920 and No. 3,294,725 can be used. 

In practicing the present invention, for example, it is preferred to produce the polyorganosiloxane rubber 
45 by a method of shear-mixing a mixed solution comprising the organosiloxane, the crosslinking agent (I) and 
if necessary the graft-linking agent (I) with water, for example, using a homogenizer in the presence of a 
sulfonic acid type emulsifier such as an alkylbenzenesulfonic acid, etc. 

The alkylbenzenesulfonic acid is suitable because it acts as both an emulsifier for organosiloxanes and 
a polymerization Initiator. In this case, it is desirable to use a metal alkylbenzenesulfonate together because 
50 the alkylbenzenesulfonate is effective to keep the polymer stably in carrying out the graft polymerization. ' 

After carrying out the polymerization, the polymerization is stopped by neutralizing the reaction solution 
with an aqueous solution of an alkali (e.g. sodium hydroxide, potassium hydroxide, sodium carbonate). 

Next, the polyalkyi (meth)acrylate rubber component, the other constituent of the composite rubber, can 
be formed by the use of an alkyi (meth)acrylate, a crosslinking agent for polyalkyi (meth)acrylate rubbers 
55 (hereinafter referred to as crosslinking agent (II)) and a graft-linking agent for polyalkyi (meth)acrylate 
rubbers (hereinafter referred to as graft-linking agent (II)), all of which are described below. 

The alkyl (meth)acrylate includes alkyI acrylates such as methyl acrylate. ethyl acrylate. n-propyl 
acrylate, n-butyl acrylate. 2-ethyIhexyl acrylate, etc. and alkyl methacrylates such as hexyl methacrylate, 2- 
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ethylhexyl methacrylate. n-lauryl methacrylate. etc. Among these, n-butyl acrylate is parhcu arly P^^erref • 

The crosslinking agent (II) includes ethylene glycol dimethacrylate. propylene glycol d.methacrylate 
1.3-butylene glycol dimethacrylate. 1.4-butylene glycol dimethacrylate. etc. These compounds are used 

alone or in a mixture of two or more of them. aik,i 

5 The graft-linking agent (II) includes ally! methacrylate. triallyl cyanulate. tnallyl .socyanulate. etc. Allyl 
methacrylate can also be used as the crosslinking agent (II). These compounds are used alone or m mixture 

°^ ^Th^tS amounTof these crosslinking agent (II) and graft-linking agent (II) is 0.1 to 10 ^^sed on 
the polyalkyi (meth)acrylate rubber component will proviso that when ailyl methacrylate is used both as 

70 crosslinking agent (II) and as graft-linking agent (II). its amount is 0.2 to 20 wt.%. 

For forming the polyalkyi (meth)acrylate rubber component, it is preferred to f.rst prepare l^«^o^ 
the polyorganosiloxane rubber, then impregnate the paiticles of the polyorganosiloxane rubber wjtti 
monomers to be used for the forming of the polyalkyi (meth)acrylate rubber coniponent ^"djhereafte 
polymerize the monomer. In other words, by adding the foregoing alkyi ("^eth)acri^ate: ^^^^^ 

75 (II) and graft-linking agent (II) to the latex of the polyorganosiloxane rubber and then cariying out 
SSlymerization. the'polyorganosiloxane component and the polyalkyi (^^f -V'^^^^J^^^^^^^^^ 
corriplicated structure to give a composite rubber latex which is substantially unseparable into these 

r '°TheTthe monomer^e used for the fomiing of the polyalkyi (meth)acrylate rubber component, with 

- 20 which the particles of the polyorganosiloxane rubber are impregnated, are subjected to raA^I- polymenza- 

Sorthe resulting polyalkyl (meth)acrylate rubber component and the polyorganosiloxane rubber component 
a?e tangled with each other and crosslinked respectively with oneself so that they cannot be separated from 
^ch other. Thus the composite rubber in this invention is obtained. In addition, when the ^^-^'^^-^^-^^ 
{l> is used in the production of the polyorganosiloxane rubber component, linkages are further forrned 
25 between the polyorganosiloxane mbber component and the polyalkyi (meth)acrylate rubber component The 
above radical polymerization is carried out as usual, that is. by a method using « P^^^-^^^' ff °^ 
redox initiator prepared by combining an oxidizing agent and a reducing agent. Among these methods, a 
r^ethoZstg a redox initiator is preferred. Particularly, a sulfoxylate initiator prepared by combining ferrous 
sulfate disodium ethylenediaminetetraacetate. Rongalit and hydroperoxide is preferred. 
30 The composite Rubber preferably used in the present invention is such that P^'V^^R^^f'^X^ 
rubber component has a main skeleton comprising a repeating unit of dimethy si oxarte and ite polyalkyi 
(meth)acrylate rubber component has a main skeleton comprising a repeating unit of "'b^ty' ac^f ^ 

To the composite rubber thus prepared by emulsion polymerization, a vinyl monomer can be graft- 
as "^'ThT'polyorganosiloxane graft copolymer (A) used in the present invention is obtained by graft- 
polymerizing a vinyl monomer to the above composite rubber. „^th,,i^,rpn*^ vinvl- 
The vinyl monomer includes aromatic alkenyl compounds such as styrene. -"^f ^'V'^^^^^f J'^, 
r- toluenes- methacrylates such as methyl methacrylate. 2-ethylhexyl methacrylate; acrylates such as methyl 
^ XTate ^hyl ac7ylate. butyl acrylate; organic acids such as acryyc acid. 

40 cornpounds such as acrylonilrile. methacrylonitrile. These vinyl monomers are used alone or in mixture of 

*^°?I,rcSnpo*sirmbber to vinyl monomer weight ratio of the polyorganosiloxane graft copolynner (A) is 
as follows based on the weight of the graft copolymer (A): 30 to 95 wt.«/o. preferably 40 to JO w^.% for t^^^^ 
composite rubber and 5 to 70 wt.%. preferably 10 to 60 v/t.% for the vinyl monorner When the viny 
.5 moTmer content Is less than 5 wL%. the resulting graft copolymer, when blended with of " ^th 
sufficiently dispersed in the resins, vymen the content exceeds 70 wt.%. development of impact strength 
undeSty lowers. In this graft polymerization, the vinyl monomer may be added to the composite rubber 

The'^^ro^'an"™ gran copolymer thus obt^ned as a latex is added to a hot water cont^nij^ 
50 dissolved metal salt (e.g. calcium chloride, magnesium sulfate) to carry out salting-out and coagulation of 
the graft copolymer. Thus, the graft copolymer alone can be separated and recovered. 

The polyorganosiloxane graft copolymer according to the present invention is a high impact resin by 
itself but may be used in mixture with various thermoplastic resins. ^. . 

As the thermoplastic resin which can be mixed with the above graft copolymer, there are mentioned a 
55 polycarbonate resin, a polyester resin and a homopolymer and copolymer obtained by polyrrjenzing 70 to 
?S6^% oflt least one vinyl monomer selected from the group consisting of aromatic alkenyl compounds, 
vinyl cyanide compounds and (meth)acrylates with Q to 30 wL% of other vinyl monomer copolymenzable 
with the above vinyl monomer. 
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The polycarbonate resin used in the present invention is one obtained from dthydroxydlarylalkane and 
may have an optionally branched structure. This polycarbonate resin is produced by the known methods. 
Generally, however, it is produced by reacting a dihydroxy compound and/or polyhydroxy compound with 
phosgene or a diester of carbonic acid. A suitable dihydroxydiarylalkane includes also those having an alkyi, 
chlorine or bromine at an ortho position with respect to the hydroxy group. Preferred specific examples of 
the dihydroxydiarylalkane are 4,4'-dihydroxy-2,2-diphenylpropane (bisphenol A), tetramethyibisphenol A, 
bis(4.hydroxyphenyl)-p-dlisopropylbenzene. etc. The branched polycarbonate resin is produced, for exam- 
ple, by replacing a part, for example. 0.2 to 2 mole% of the dihydroxy compound by a polyhydroxy 
compound. Specific examples of the polyhydroxy compound include, phloroglucinol. 4,6-dimethyl-2,4.6-trl- 
(4-hydroxyphenyi)heptene-2,1 ,3-dimethyl-2,4,6-tri-(4-hydroxyphenyl)ben2ene. 1,1,1 -tri-(4-hydroxyp'henyl)- 
ethane. 2,2-bis[4-(3,4-dihydroxyphenyl)cyclohexyl]propane, etc. 

The polyester resin used in the present invention comprises as a main constituent either one of the 
following polymers: 

(a) An aromatic polyester obtained from an aromatic dicarboxylic acid and a dihydric phenol, lower 
aliphatic diol or alicyclic diol. 

(b) An aromatic polyester obtained from an aromatic hydroxycarboxylic acid. 

(c) A copolymer of (a) and (b). The aromatic dicarboxylic acid is represented by the formula 
HO - CO - R4 - CO - OH 

wherein R4 represents a substituted or unsubstituted phenylene group, a group represented by the formula. 



(in which 2 represents a direct bond. -CH2- or -CO-) or a naphthylene group. The substituent of the 
phenylene group includes chlorine, bromine, methyl, etc. The substituted phenylene group may have 1 to 4 
substituents. Examples of the aromatic dicarboxylic acid are terephthallc acid. isophthaJic acid, diphenyl- 
m.m'-dicarboxylic acid, diphenyl-p.p'-dicarboxylic acid, diphenylmethane-m.m'-dicarboxyllc acid. 
diphenylmethane-p.p'-dicarboxylic acid. benzophenone-4.4'-dicarboxylic acid, naphthalenedicarboxylic acid,' 
etc. These compounds can be used alone or in mixture of two or more of them. Further, a small amount of 
an aliphatic dicarboxylic acid (e.g. adipic acid, sebacic acid) may also be used together. The dihydric 
phenol includes hydroquinone. resorcinol. dihydroxynaphthalene, biphenyl diol. 1,8-dihydroxyanthraquinone 
and dihydric phenols represented by the formula, 



wherein R5 represents oxygen, sulfur, -CO-. .SO2- or a C1-C5 alkylene which may be substituted with a 
halogen- Such the dihydric phenols include 2.2-bis(4-hydroxyphenyl)propane (bisphenol A), 4,4*-dihydrox- 
ydiphenyl sulfone. 4.4'-dihydroxydiphenyl ether, 4.4'-dihydroxydiphenyi sulfide, 4.4'-dihydroxydiphenyl ke- 
tone, 4.4'-dihydroxydiphenylmethane, 1.1-bis(4-hydroxyphenyl)-ehtane, 1.1-bis(4-hydroxyphenyl)butane, 1.1- 
bis(4-hydroxyphenyl)-2.2.2-trichloroethane, etc. These compounds may be used alone or in mixture of two 
or more of them. The lower aliphatic diol is a C2-C6 alkylenediol which includes ethylene glycol, propylene 
glycol. 1.4-butanediol. 1.5-pentanediol. 1,6-hexanediol. etc. These compounds may be used alone or In 
mixture of two or more of them. The alicyclic diol includes cyclohexanediol, cyclohexanedimethanol, etc. 
These compounds may be used alone or in mixture of two or more of them. The aromatic hydroxycarbox- 
ylic acid is represented by the formula, 

HO - Rs - CO - OH 
wherein Rg represents phenylene. a group represented by the formula. 
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(in which X represents a direct bond or a C-Cs alkylene) or naphthylene Such the .^/J^^'^f J 
S^xyracid includes m-hydroxybenzoic add. p-hydroxybenzoic acid. 2-hydroxy-6^naphmo.c aa^^^ 2-(4 - 
hydroxyphenyl)-2-(4-carboxyphenyl)propane. 4-hydroxyphenyl-4-carboxyphenyl ether, etc. These com 
nounds mav be used alone or in mixture of two or more of them. . »u i * „^ 

5 '^ Am.^g these polyester resins, particularly polyethylene terephthalate. polybutylene terephtha^^^ and 
- polyO 4-cyclohexyiene dimethylene) terephthalate preferably exhibit the effect of the present "ven 'on^ 

Soecific examples of the vinyl monomer used In the present invention which is selected from the group 
conslting of Sorn^rc alkenyl compounds, vinyl cyanide compounds and (meth)acrylates are mentioned 
be'^fJelh Zpound of'the group. Specific examples of the aromatic -^^--^l^Z^l^Ll^u^s 
,0 «-methylstyrene. vinyltoluenes. etc. Those of the vinyl cyanide compound are V'^" f ^'^"V^^J^^^^^ 

etc Those of the acrylate are methyl acrylate. ethyl acrylate. butyl acrylate. etc and those °f the 
methacrvlate are methyl methacrylate. 2-ethylhexyl methacrylate. etc. These compounds are used alone or 
TmiS S Z or mo e of them The other vinyl monomer copolymerizable with the above vinyl monorn^ 
Is ITsS^as need arises, and its amount used is up to 30 wt.% based on the whole v.nyl polymer. Specific 
examoles of the other vinyl monomer copolymerizable are ethylene, vinyl acetate, etc. 
' ' 7n'?e i eseminvenL. the resin composition comprising a mixture of the P^'V^^^^f^ 9^^^^ 
coDOlvmer and the thermoplastic resin must contain the former graft copolymer in an amount of 5 wt./o or 
more ^hen thi p^^^^^^ graft copolymer is less than 5 wt.%, the Impact res.stance-improv.ng 

20 ^""'The'Sn' composition of the present invention is prepared by mechar^cally ["'xing the above 
components (A) and'(B). or (A) and (C) using the known apparatus --^-^^^^^^^^^^^^ 
and then shaping the resulting mixture 'into pellets using the known apparatus such as a twin screw 

^"""M^scen be molded at a wide temperature range using thus extruded and shaped pellets, and for 
OB mniHinfl of the articles from the pellets, common injection molding machines are used. 

W necl sar^ the pol^^^^^ graft copolymer and the resin composition of the present invention 

can Lrblende^'^th'S^^^^^^ reinforcing agents, fillers, plastlcizers. flame retardants. lubricants, pigments. 

The oresent invention will be illustrated with reference to the following examples. "Part" and in the 
30 ex^^ermTn ^pTby weight" and "wt.%- unless otherwise stated. Measurements of Izod impac 
Sengm weTcar^^^^^^^^^^^ to the method of ASTM D 258 --"""9 tt,e surface hardness of 

the resin. Rockwell hardness was measured according to the method of ASTM D 785. 

Example 1 

35 Production of a graft copolymer (S-1) 

Two parts of tetraethoxysilane. 0.5 part of ,-methacryloyloxypropyldimethoxymethylsn^^^^^ 
r- parts of octamethylcyclotetrasiloxane were mixed to obtain 100 parts of a siloxane ^JxtureJOO P^^s of th s 

^ Sed sitoxre was Lded to 200 parts of distilled water in which 1 part of sodium dodecylbenzenesu fonate 

^ and 1 pirt Of do^ylbenzenesulfonic acid had been dissolved. The resulting mixed -'f ^^^^P^t 

nv stirred at 10 000 rpm with a homomixer. and then emulsified under a pressure of 200 kg/cm^ with a 
homogeni^er to oMaS^n organosiloxane latex. This latex was transferred to a separable flask equipped 
wrth a condenser and a stirring blade, heated at 80* C for 5 hours while mixing with st.rr.ng and a'lowed to 
Tt^d r2?C Affer 48 hours^is latex was neutralized to a pH of 7.5 with an aqueous sod.unn hydrox.de 
45 Son to terminate polymerization. Thus, a polyorganosiloxane rubber latex-1 was obtained. The c°nver- 
Sn Of the organosHoxanes was 88.5%. and the average particle size of the polyorganosiloxane rubber was 

°*^^7"parts of the above polyorganosiloxane rubber latex-1 was sampled and put in a separable flask 
equipped Sh a's«rr:?^After adding 200 parts of distilled water thereto, the a^osphere - Jlask^was 

so replaced by a nitrogen gas. Thereafter, the contents of the flask was heated to 50 C. and ther^o. a mixed 
^iu^n^S3^ Darts of n-butyl acrylate. 1.9 parts of allyl methacrylate and 0.23 part of tert-butyl 
Tyrperoxide wafadde . S«Ig was then continued for 30 minutes to allow t^'j mixed so utK,n^^^ 
Srmeate So the polyorganosiloxane rubber particles. Thereafter, a mixed sokrt.on ^^-^^^ ^^"^^^ 
suiX aOOe part^f disodium ethylenediaminetetraacetate and 0.26 part of ^^''^JlK^^'S °' 2 hou,^ 

ss wa^er was added to start radical polymerization. The inner temperature was then kept at 70 C for 2 hours 
To corTpTete Je ^lyrerlzation. "rhus. a composite rubber latex was obtained This compos.te rubber 
coniTs Ts wt% of the polyorganosiloxane mbber component and 95 wt.% of polybutyl^rylate rubber 
cXnen t. A^art of this Lex was sampled, and the average particle size of the composrte mbber was 
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measured to find that it was 0.26 um. Tliis latex was dried to obtain a solid matter of the composite rubber. 

This solid matter was subjected to extraction with toluene at 90 'C for 12 hours, and a gel content was 

measured to find that it was 92.8 wt.%. The swelling degree in toluene of the composite rubber was 

measured by immersing the composite rubber in toluene at room temperature for 24 hours. As a result, the 
5 swelling degree in toluene was 10.3. 

A mixed solution of 0.48 part of cumene hydroperoxide, 1 part of n-octylmercaptan and 199 parts of 

methyl methacrylate was added dropwise to this composite rubber latex at 70 ''C over 90 minutes. 

Thereafter, the latex was kept at 70* C for 2 hours to complete graft polymerization of methyl methacrylate 

onto the composite rubber. The conversion of methyl methacrylate was 99.8%. 
10 The resulting graft copolymer latex was added dropwise to 600 parts of hot water containing 1 .5 wt.% 

of calcium chloride to coagulate the graft copolymer. The graft copolymer was then separated, washed and 

dried at 75 'C for 16 hours to obtain 295 parts of the dry powder of a composite rubber type graft 

copolymer (hereinafter referred to as S-1). 

The S-1 powder thus obtained was shaped Into pellets at 240 "C with a uniaxial extruder. The pellets 
15 were dried, supplied to an injection molding machine (Promat 165/75 type; produced by Sumitomo Heavy 

Industries, Ltd.) and injection-molded at a cylinder temperature of 240 *C and a mold temperature of 60'C 

to obtain various test pieces. Using this test piece, 1/4" Izod impact strength (23 'C) was measured to find 

that it was 9,4 kg •cm/cm. Rockwell hardness was 105 by the R scale. 

20 Examples 2 to 4 and Comparative Examples 1 and 2 

In producing tee graft copolymer S-1, a relationship between the swelling degree and impact resistance 
of the composite rubber was examined by changing the weight of allyl methacrylate used to produce the 
composite rubber. 

25 Using the polyorganosiloxane rubber latex-1 . polymerization was carried out under the same conditions 
as in the production of the graft copolymer S-1 except that n-butyl acrylate and allyl methacrylate were 
used in amounts shown in Table 1 . As a result, the swelling degree of the composite rubbers obtained is as 
shown In Table 1. Further, the Izod Impact strength and Rockwell hardness of the high impact methyl 
methacrylate resins produced in respective examples also are shown in Table 1. From these results, it can 

30 be seen that the impact resistance and Rockwell hardness are high only when the swelling degree of the 
composite rubber is in a range of 3 to 15, 
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Examples 5 and 6 and Comparative Examples 3 and 4 

5 Using the above polyorganosiloxane latex-l, the effect of polyorganosiloxane content of the composite 

rubber comprising polyorganosiloxane, butyl acrylate and allyl methacrylate was examined. 

Polyorganosiloxane, butyl acrylate and allyl methacrylate were fed in proportions shown In Table 2. and 
polymerization was carried out in the same manner as in Example 1 . 

The swelling degree and gel content of the composite rubbers obtained are shown In Table 2. Further, 
10 the l2od impact strength and Rockwell hardness of the high impact methacrylate resins produced in 
respective examples are also shown in Table 2. From these results, It can be seen that the impact 
resistance and Rockwell hardness are high only when the polyorganosiloxane content is 1 to 10 wt.% of the 
composite rubber. 
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Examples 7 to 9 

5 A mixed solution of 30 parts of styrene, 10 parts of acrylonitrile and 0.1 part of cumene hydroperoxide 

was added dropwise at 70* C over 1 hour to 312 parts of the composite rubber latex produced In the 
production of the graft copolymer S-1. Thereafter, the resulting mixture was kept at 70'c for 2 hours to 
complete graft polymerization onto the composite rubber. 

The resulting graft copolymer latex was added dropwise to 600 parts of hot water containing 1.5 wt.% 

70 of calcium cliloride to coagulate the graft copolymer. The graft copolymer was then separated, washed and 
dried to obtain a graft copolymer S-2. 

This graft copolymer S-2 was mixed with an acrylonitrile-styrene copolymer [acrylonitrile content. 27 
wt.%; reduced viscosity (7?sp/C) at 25 'C in chloroform, 0.59 dl/gr] in proportions shown in Table 3. The 
mixture was extruded and injection-molded in the same manner as in Example 1 to obtain various test 

75 pieces. Physical properties were evaluated with these test pieces to obtain results shown in Table 3. 



Table 3 





Composition 


Physical properties of 
resin composition 


S-2 
(wt.%) 


Acrylonitrile- 
styrene 
copolymer 
(wt.%) 


Izod impact 
strength with 
1/4" notch 
(23*'C) 
(kg -cm/ cm) 


Rockwell 
hardness 
(R scale) 


Example 
7 


10 


90 


10.2 


116 


Example 
8 


20 


80 


16.4 


113 


Example 
9 


40 


60 


20.9 


110 



e 



Examples 10 to 14 and Comparative Examples 5 to 8 

A composite rubber was produced under the same conditions as In Example 1 except that the 
45 aforementioned polyorganosiloxane latex-1, n-butyi acrylate and allyl methacrylate were fed in amounts 
shown in Table 4. The physical properties of the composite rubbers obtained are shown in Table 4. 

A mixed solution of 18 parts of styrene, 7 parts of acrylonitrile and 0.1 part of cumene hydroperoxide 
was added dropwise to 25 parts of this composite rubber at 65 'C over 30 minutes. The reaction 
temperature was then kept at 70 *C for 1 hour to complete first-stage graft polymerization onto the 
50 composite rubber. Thereafter, a mixed solution of 36 parts of styrene, 14 parts of acrylonitrile, 0.5 part of 
tertdodecylmercaptan and 0.3 part of cumene hydroperoxide was added dropwise at 70* C over 60 minutes. 
The reaction temperature was then kept at 70* C for 2 hours to complete second-stage graft polymerization 
onto the composite rubber. 

The resulting polyorganosiloxane graft copolymer latex was coagulated and dried in the same manner 
55 as in Example 1. The polymer obtained was extruded, pelletized and injection-molded to obtain various test 
pieces. Physical properties were evaluated with these test pieces to obtain results shown In Table 4. 
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From these results, the following are seen: When the polyorganosiloxane latex is not used, the impact 
resistance is poor. When the polyorganosiloxane content exceeds 10 wt.% of the composite rubber, the 
surface hardness of the molded product undesirably lowers. 
5 The swelling degree of the composite rubber can be changed by the amount of allyl methacryiate used. 
When the swelling degree exceeds 15. however, the surface hardness of the molded product lowers, and 
when it is less than 3. the impact resistance becomes poor. 

Examples 15 to 17 and Comparative Examples 9 and 10 

70 

The graft copolymer S-2 obtained in Examples 7 to 9 was mixed with a polycarbonate resin (7022 PJ; 
produced by Mitsubishi Kasei Corp,) in . proportions shown in Table 5. The mixture was extruded and 
pelletized at 260 'C and injection-molded to obtain test pieces. Evaluation was carried out with these test 
pieces. From the results obtained, it can be seen that an improvement in impact resistance at low 
75 temperatures is observed as compared with use of the polycarbonate resin alone. 

Tavle 5 



20 




Composition 
(wt.%) 


Physical properties of 
resin composition 


25 




S-2 


Poly- 
carbonate 


Izod impact strength with 
1/4" notch 

(kg •cm/ cm) 








23«'C 


-SO'C 


30 


Example 15 


8 


92 


69 


36 




EXcunple 16 


20 


80 


68 


48 


35 


Example 17 


40 


60 


63 


52 




Comparative 
Example 9 


0 


100 


66 


5 


40 


Comparative 
Example 10 


3 


97 


64 


7 



Examples 18 to 21 and Comparative Examples 11 to 13 

Using the aforementioned polyorganosiloxane latex-1. the graft copolymer was produced in the same 
so manner as in Examples 5 and 6 and Comparative Examples 3 and 4 except that a mixed solution of 0.2 part 
of cumene hydroperoxide and 50 parts of methyl methacryiate was used as the mixed solution containing 
monomers to be graft-polymerized onto the composite rubber. 

The swelling degree and gel content of the resulting composite rubbers are as shown in Table 6. Tee 
graft copolymers obtained were each mixed with a PBT resin (Tufpet N-1000; produced by Mitsubishi 
55 Rayon Co.. Ltd.) In proportions shown in Table 6. Izod impact strength was measured, and the results are 
shown in Table 6. 

From these results, it can be seen that the impact resistance and Rockwell hardness are high only 
when the polyorganosiloxane content is 1 to 10 wt.% of the composite rubber. 
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Examples 22 to 25 and Comparative Examples 14 to 16 

Using the aforementioned polyorganosiloxane latex-1. the graft copolymer was produced in the same 
manner as in Examples 5 and 6 and Comparative Examples 3 and 4 except that a mixed solution of 0.2 part 
of cumene hydroperoxide and 50 parts of methyl methacrylate was used as the mixed solution containing 
monomers to be graft-polymerized onto the composite rubber. 

The swelling degree and gel content of the resulting composite rubbers are as shown in Table 7. The 
graft copolymers obtained were each mixed with a PBT resin CTuf pet-N-1 000; produced by Mitsubishi 
Rayon Co., Ltd.) and a polycarbonate resin (7022 PJ; produced by Mitsubishi Kasei Corp.) in proportions 
shown in Table 7. Izod impact strength was measured, and the results are shown in Table 7. From these 
results, it. can be seen that the impact resistance and Rockwell hardness are high only when the 
polyorganosiloxane content is 1 to 10 wt.% of the composite rubber. 
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Claims 

1. A polyorganosMoxane graft copolymer in which one or more vinyl monomers have been graft- 
50 polymerized onto a composite rubber having such a structure that 1 to 10 wt.% of a poiyorganosiloxane 

rubber component and 99 to 90 wt.% of a polyalkyi {meth)acrylate rubber component are tangled with 
each other so as not to separate, as well as having a gel content of 85% or more and a swelling degree 
of 3 to 15, both measured with a toluene solvent, and an average particle size of 0.08 to 0.6 um. 

66 2. A graft copolymer according to Claim 1, wherein the gel content is 90% or more, and the swelling 
degree is 4 to 1 4. 

3- A graft copolymer according to Claim 1 , wherein the poiyorganosiloxane component has the repeating 
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unit Of di^et^ylsnoxane. and the polyalKy. (meth)acry.ate component has the repeating unit of n-buty. 



acrylate. 



resin. 



10 

6. 



7- 

15 



A resin composition according to Claim 4. wherein said poiycarbonata resir. is a resin produced ^rn 
4.4'-dihydroxy-2,2-diphenylpropane (bisphenoi A) and phosgene. 

A resin composition according to Claim 4. wherein said polyester resin is a polybutylene terephthalale 



resin. 



Clata 1 ma » homopolyme, or copolymer obtamed by P»^r" J. ™ , ccmpounds, »iryl cyanide 



vinyl monomers. 
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ing to the present invention can give molded pro- 
ducts having excellent impact resistance and surface 
hardness, and besides it can form an excellent resin 
composition by mixing with a particular resin. 
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